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ROBERT PETERS, MD:* The human sinus node is
a small ovoid structure located at the junction of
the superior vena cava and right atrium. The
artery to the sinus node courses through the cen-

ter of the node and the node has aptly been de-
scribed as an "enormous adventitia" of the artery.'
The node itself is composed of a dense collagenous

framework that is attached to the central artery
and clusters of interlacing fibers.2 The fibers con-

tain predominately two types of cells-cells with
large ovoid nuclei and few myofibrils (P cells) and
cells intermediate in histologic structure between
P cells and atrial myocardial cells. The sinus node
tracts merge, especially at the periphery of the
node, and form large Purkinje-like tracts that
course through the atrial myocardium. The P cells
are thought to be the site of impulse generation,
while the perinodal fibers probably serve to am-

plify and synchronize the impulses arising from
the sinus node cells.3

Normally, the sinus node is the dominant car-

diac pacemaker because its discharge rate is more
rapid than the other automatically discharging cells
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within the heart. Because the sinus node discharge
rate must ordinarily vary greatly to meet body
needs, it is not surprising to find that it is richly
innervated by postganglionic sympathetic and
parasympathetic fibers.

Disease of the sinus node may become manifest
by abnormalities in impulse generation and/or
impairment of impulse conduction through the
sinoatrial junction. Relatively few detailed histo-
logic studies are available for patients with sinus
node dysfunction. These studies4-7 and other elec-
trophysiologic studies8'9 would suggest that these
patients commonly have disease not only of the
sinus node but also of the approaches to the sinus
node, the atrium, the atrioventricular (A-V) node,
and the ventricular specialized conduction system.
We have divided this discussion into four sec-

tions. Dr. Hirschfeld will explore the clinical and
electrocardiographic features, Dr. Abbott will dis-
cuss the importance of exercise stress testing, Dr.
Kunkel will describe the electrophysiologic test-
ing and Dr. Scheinman will conclude by discussing
the management of patients with sinus node
disease.

Clinical and Electrocardiographic Features

DAVID S. HIRSCHFE LD, MD: § Twenty-eight patients
with symptoms and electrocardiographic evidence
of sinus node dysfunction were observed for a

§Cardiology Fellow, University of California, San Francisco,
School of Medicine; Medical Service, San Francisco General Hos-
pital.
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TABLE 1.-Clinical Spectrum of Patients with Sinus Node Disease
Number of Patients

Symptoms and Bradycardia-Tachycardia
Cardiovascular Diagnosis Sinus Bradycardia Syndrome Sinus Arrest Total

Number in group ............................... 13 11 4 28
Syncope ................................. 8 4 4 16
Near syncope ................................. 1 3 0 4
Angina. ................................. 3 1 0 4
Palpitations ................................. 0 4 0 4
Conduction defect* .............................. 4 4 1 9
Congestive heart failure ......................... 5 5 1 11
Hypertension ............................... 6 1 0 7
Previous history of myocardial infarction ..... .... 3 3 0 6
Cerebrovascular accident ........................ 3 0 0 3
Cardiac amyloidosis ............................. 0 2 0 2

*Either PR prolongation or bundle branch block or hemiblock pattern.
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Figure 1d Representative electrocardiograms from pa-
tients with symptomatic sinus bradycardia (Group b).
A, after the third complex, there is abrupt slowing of
the sinus rate. B, sinus exit block. Three sinus beats
are followed by a pause that equals 3 P-P intervals.
The fourth QRS complex is an escape junctional beat.
C, the first and third complexegr s beats, after
which a sinus pause of 31/2 secondis terminated by
a junctional escape beat.

mean period of 18 months. All of them underwent
prolonged continuous electrocardiographic moni-
toring either in a coronary care unit or by means
of a continuous tape memory loop (Holter) sys-
tem. Only patients with chronic rhythm disturb-
ances were included, and patients with sinus
bradycardia that may have been related to drugs,
electrolyte imbalance, thyroid dysfunction or
acute myocardial infarction were excluded from
this study.

The mean age for the group as a whole was
54+-19 years and the range was from IO to 80
years. The age distribution appeared to be bimodal
with one peak at a mean age of 31 and a second
peak at 63 years. Sixteen men, one boy, and eleven
women were studied. The group was further sub-

divided into three subgroups on the basis of the
major cardiac rhythm disturbance found (Table
1). Group I consisted of 13 patients with sinus
bradycardia that was defined as a persistent rest-
ing heart rate below 55 beats per minute. Electro-
cardiographic rhythm strips in 1 1 patients (Group
II) showed alternating sinus bradycardia and
tachycardia. Finaly, electrocardiograms of four
patients (Group III) showed periods of sinus
arrest, defined as cessation of all atrial activity
associated with cardiac asystole for at least 5
seconds. Although each patient was assigned to a
group on the basis of the predominant rhythm dis-
turbance found, considerable overlap in the type
of arrhythmias was observed among patients in the
three groups. The pertinent clinical data are sum-
marized in Table 1.

Near syncope or syncope was the most common
symptom (9 of 13 patients) for patients with
symptomatic sinus bradycardia (Group I). The
most common rhythm disturbance for patients i

this group (and in Groups II and III) consisted
of episodic sinus slowing-with or without evi-
dence of sinus node exit block-(Figure IA and
B). The sinus slowing was often followed by
escape junctional or ventricular beats (Figure 1C).
Only one patient in this group required a perma-
nent intracardiac pacemaker for control of heart
failure. In the remaining patients in this group
symptoms of left-sided cardiac failure were wel
controlled with digitalis and diuretic therapy.

Supraventricular arrhythmia including parox-
ysmal atrial or junctional tachycardia and atrial
fibrillation or flutter was observed in ten patients
with bradycardia-tachycardia syndrome (Group
II). One patient with multiple myeloma and per-
sistent sinus bradycardia (alternating with a slow
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Figure 2.-Representative electrocardiograms from pa-
tients with supraventricular arrhythmias (Group 11). A, an
episode of paroxysmal atrial tachycardia terminates
spontaneously. After a sinus beat (fourth complex),
atrial tachycardia with Mobitz I atrioventricular block
resumes. B, a junctional rhythm is interrupted by an
episode of paroxysmal atrial tachycardia (third com-
plex).

junctional rhythm) had recurrent bouts of ven-
tricular tachycardia requiring electroconversion.
The onset of the tachycardia was recorded in six
patients, and in all recorded instances the tachyar-
rhythmia was initiated by a premature supraven-
tricular beat and never observed to begin after a
prolonged sinus pause. Two examples of this phe-
nomenon are illustrated in Figure 2. Bouts of
supraventricular arrhythmia were often followed
by a prolonged pause terminated by atrial or junc-
tional escape beats. On follow-up, stable atrial
fibrillation developed in one patient and it was well
controlled with digitalis therapy. Three patients
required insertion of a permanent right ventricular
pacemaker for control of severe symptomatic
sinus bradycardia, recurrent ventricular tachycar-
dia, or Stokes-Adams attacks resulting from 30
A-V block. The patient with multiple myeloma
died because of repeated pulmonary embolization.
One patient in the group with sinus arrest

(Group III) had recurrent syncopal episodes and
cardiac arrest owing to sinus arrest, and cardiac
asystole was documented on two occasions (Figure
1C). This patient, however, had a regular sinus
rhythm and normal heart rate during prolonged
repeated monitoring in a coronary care unit and
during a 12-hour Holter recording. One patient
had persistent sinus bradycardia, and the remain-
ing two patients had alternating sinus bradycardia,
supraventricular tachycardia, and cardiac arrest
owing to sinus arrest and cardiac asystole. The
four patients in this group all required permanent
intracardiac pacemakers. Of particular interest
was one patient in this group who continues to
have symptoms of presyncope even after insertion
of a normally functioning demand right ventricular
pacemaker.

Several clinical features of this disease entity
deserve emphasis. Contrary to prevailing belief,

sinus node dysfunction is not limited to the
elderly;5'10 our youngest patient, for example, was
ten years of age, and one-third of our subjects
were less than 50. Although coronary artery and
hypertensive cardiovascular diseases are com-
monly associated conditions10-12 (Table 1), the
paucity of detailed histologic studies makes a
causal link rather tenuous. Clinical,5'8'10'11,13 elec-
trophysiologic,"4 and histologic' studies have con-
clusively demonstrated associated disease of both
the A-V node and the ventricular specialized con-
ducting system in many patients with sinus node
disease. This finding has important therapeutic
implications with regard to the site of pacemaker
implantation. Finally, although the natural history
of this disease is still unclear,15 there appears to be
wide variability in severity of symptoms and pro-
gression of disease. Fortunately, deaths due to
arrhythmia appear to be uncommon.5"10'13

In summary, most patients with sinus node dis-
ease may be diagnosed by scrutiny of electrocar-
diographic rhythm strips. In our experience, the
most common finding is persistent sinus brady-
cardia, oftentimes associated with periods of
gradual further slowing of the sinus rate and
escape of a lower pacemaker. Some patients also
show cardiac arrest resulting from sinus arrest and
cardiac asystole, while others show an alternating
bradycardia-tachycardia arrhythmia.

Exercise Stress Testing
JOSEPH A. ABBOTT, MD:* Syncope, tachyarrhyth-
mia, and cardiac arrest are well known mani-
festations of the sick sinus syndrome.'6 Because of
the advanced age of many patients with the sick
sinus syndrome and the tendency of the elderly to
lead less physically active lives the effort-induced
disabilities these subjects suffer are less well ap-
preciated.17'18 We performed both autonomic
screening and exercise tests in nine control sub-
jects and 15 of the patients previously described
by Dr. Hirschfeld. Most were young and physi-
cally active and were without clinical evidence of
myocardial disease. Both the exercise and auto-
nomic studies were thoroughly explained and an
informed consent statement was signed by each
patient and control.

Nine male and six female patients with the sick
sinus syndrome, ranging in age from 10 to 77 years
(mean 47 years), and nine control subjects were

Associate Clinical Professor of Medicine, University of Cali-
fornia, San Francisco, School of Medicine; Assistant Director,
Cardiopulmonary Unit, San Francisco General HospitaL
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exercised on a bicycle ergometer,* using a tech-
nique that allows serial measurement of heart rate
and oxygen consumption at incremental levels of
exercise.'9 The study groups included patients in
each of the three previously described categories:
five patients in Group I, six patients in Group II,
and four patients in Group III. Five patients had
functioning permanent demand ventricular pace-
makers at the time of the study. Patients who were
poorly motivated, had orthopedic limitations,
severe lung disease, unstable angina, or a recent
myocardial infarction were excluded from exercise
evaluation. Control subjects were matched as to
sex and age with the study group and included
staff physicians, medical interns and residents, and
laboratory technicians. Exercise was stopped when
patients expressed a desire by signaling the physi-
cian or when they developed objective evidence
of untoward cerebral or cardiac symptoms-
lightheadedness, breathlessness, arrhythmia, or
fainting. No untoward effects were noted in con-
trol subjects and effort was terminated when 90
percent of the age-predicted maximum heart rate
was achieved.

Since dysfunction of the autonomic system may
be present in patients with the sick sinus syn-
drome, autonomic screening tests including the
Valsalva maneuver, carotid sinus massage, and
measurement of blood pressure and heart rate in
supine and upright positions were performed be-
fore the exercise tests."'20-23 After a 15-minute re-
covery period from exercise, 1.0 mg of atropine
sulfate was administered intravenously over a 5-
minute period during which the heart rate was
recorded.24

The resting heart rates of the patients in Group
I (46+6 beats per minute) and Group II (50±
10 beats per minute) were significantly below the
resting heart rates of control subjects (78 ± 10
beats per minute) or patients in Group III (72
± 11 beats per minute) in whom ventricular
demand pacemakers were set at rates of ap-
proximately 70 beats per minute. With exercise,
patients with sinus node disease were unable to
achieve heart rates comparable to those in con-
trol subjects (Chart 1). The differences were sta-
tistically significant (p<0.05), even though the
normal subjects were only stressed to 90 percent
of their maximum predicted heart rate. Mean rest-
ing oxygen consumption was similar in control

*Bicycle ergometer Model AM368, Elema Schonander, Stock-
holm, Sweden.
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Chart 1.-Resting and maximal exercise oxygen uptake
and work rates are plotted against heart rate. The curve
of the 15 patients with sinus node disease lies to the
right of the curve for control subjects. Both heart rate
response and the work performance level (maximal
oxygen uptake) are blunted in patients with sinus node
disease.

(0.195 ± 0.05 liters per minute) and patients
(0.210± 0.08 liters per minute) groups. Mean
oxygen consumption at maximum stress (Chart
1) was significantly lower for patients (1.01 ±
0.18 liters per minute) compared with predicted
maximum oxygen consumption for control sub-
jects (1.65 ±0.31 liters per minute) (p<0.005).
Similarly, work levels achieved at the termination
of exercise were significantly lower for patients
(mean 450 kg-meters per minute) than for con-
trol subjects (mean 900 kg-meters per minute)
(p<0.05). Six of the patients had permanent or
temporary demand ventricular pacemakers in-
serted to prevent syncope or to treat symptoms of
heart failure. In each the pacemaker rate had been
set between 65 and 70 beats per minute. When
exercise performance of these patients was com-
pared with that of the subgroup of patients with-
out pacemakers, there was no significant difference
in maximum exercise oxygen uptake and none of
the patients with ventricular pacemakers had re-
lief from their exercise-induced symptoms. The
reason for termination of exercise was dizziness,
which was often related to cardiac arrhythmia, to
development or worsening of symptoms of con-
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TABLE 2.-Exercise-Induced Signs and Symptoms in Patients with Sinus Node Disease

Number of Patients with Signs and Symptoms

Development or
Worsening of

Group Number Heart Failure Fatigue Angina Faint Dizzy Arrhythmias Noted

I. 2 1 1 1 0 0
II. 1 0 0 4 Atrial flutter

Ventricular tachyarrhythmia
Atrial fibrillation

I ............. 2 0 0 2 0

Chart 2.-The heart rate responses to autonomic screen-
ing are charted in 15 patients with the sick sinus syn-
drome. The heart rate responses are qualitatively nor-
mal for each test maneuver. However, the changes in
heart rate were less than those observed for the normal
subjects. In three instances abnormal responses were
associated with cerebral symptoms (faintness with
carotid massage in two instances and giddiness with
hypotension on tilting in one).

gestive heart failure, exhaustion, or angina; exer-
cise-induced arrhythmias were noted only in the
patients in Group II. These findings are detailed
in Table 2.

Patients with sick sinus disease clearly show
abnormal exercise stress performance.25'26 This
finding may be owing to several factors:27 the pa-
tients may have been in poor physical condition,
had impaired myocardial function or autonomic
dysfunction or both, or had end organ (sinus
node) disease. Any or all of these alternatives
could prevent the normal acceleration of the sinus
node rate to meet body needs. Subjects in poor
physical condition show an increased heart rate
for any given level of exercise; our patients had
heart rates lower than control subjects for each
exercise load. Exercise performance in the control
group, in fact, fell into an "unfit" category.28 Thus,
the differences in work performance between the
patients and the control subjects were not owing
to differences in physical conditioning. Although
10 of 15 patients (67 percent) had no clinical
evidence of cardiac disease, the inability of the

patients to achieve maximum oxygen consump-
tion and work rate levels may well have resulted
from an inability to increase stroke volume to
compensate for a blunted increment in exercise
heart rate.29

Autonomic screening is an important part of the
evaluation of the patient with sick sinus disease.
In our study the screening procedures used in-
volved those tests that could readily be performed
at the bedside, including carotid massage, Val-
salva's maneuver, tilting, and electrocardiographic
monitoring before and after intravenous injection
of atropine sulfate.30 The effects of these pro-
cedures are summarized in Chart 2. In brief, these
patients showed a somewhat blunted but quali-
tatively normal response in heart rate and blood
pressure. In two patients carotid sinus massage led
to an inordinate slowing of the heart rate and a
fall in blood pressure and was associated with
near syncopal symptoms. Another patient, a 60-
year-old diabetic woman who required a perma-
nent demand ventricular pacemaker to prevent re-
current cardiac asystole owing to sinus arrest, first
presented with fainting spells, and pacemaker mal-
function was suspected. Subsequent complete
autonomic testing revealed a mixed parasympa-
thetic and sympathetic disorder. Her symptoms of
recurrent cardiac arrest resulted from sick sinus
disease, which had been adequately managed by
a demand ventricular pacemaker. Her autonomic
disorder was responsible for her postpacemaker
"drop attacks" and mimicked pacemaker malfunc-
tion.

In summary, physiologic stress testing and
autonomic screening procedures may be of great
clinical value in the evaluation of patients with
symptomatic sinus node disease. Primarily, ser-
ious arrhythmias may be uncovered by exercise
stress testing, which may lead the clinician to in-
stitute specific antiarrhythmic therapy or suggest
limitation of strenuous activities. In addition, while
pacemaker therapy is eminently successful in the

THE WESTERN JOURNAL OF MEDICINE 477

x FAINT

+ GIDDY



SICK SINUS, AILING ATRIUM

prevention of bradyarrhythmias and syncope, our
studies clearly show that such therapy is ineffective
in abolishing exercise-induced symptoms; thus,
patients who are young and active should properly
be forewarned before insertion of a pacemaker.
Finally, since autonomic disease may mimic or
exacerbate symptoms in patients thought to have
sinus node disease, careful evaluation of the
autonomic nervous system is essential; autonomic
dysfunction may require additional therapeutic
management.

Electrophysiologic Testing

FRED KUNKEL, MD: * Various electrophysiologic
abnormalities have been found in patients with si-
nus node disease. Abnormal prolongation of post-
pacing depression of sinus node automaticity (sinus
node recovery time) commonly occurs in patients
with sinus node dysfunction.'5 This test is thought
to test the generator function of the sinus node.3'
Strauss et a132 suggested use of coupled electrically
induced atrial depolarizations to measure sino-
atrial conduction time. Coupled atrial beats
(A,A2t) induced late in the atrial cycle (that is,
greater than 75 percent of the spontaneous cycle
length, A,A,t) result in progressive linear pro-
longation of the subsequent return cycle (A,A3t).
This has been designated as Zone I by Strauss and
his colleagues.32 During Zone I, the sinus node is
not depolarized or "reset," and the test cycle
(A,A2) plus the subsequent return cycle (A2A3)
is equal to twice the spontaneous cycle length
(A,A,). Progressively earlier coupled atrial de-
polarizations, however, result in return cycles of
similar length (Zone II), which is ascribed to
premature depolarization or "resetting" of the
sinus node. In Zone II, since the sinus node is
reset, A,A2 plus A2A3 is less than twice A,A,.
The difference between A2A3 and A,A, during
Zone 11 and hence the point in the A,A, cycle
at which Zone I changes to Zone II has been
suggested as another index of sinoatrial conduc-
tion time. Therefore, if the conduction time into
the sinus node were prolonged, Zone I would
constitute a greater proportion of the return
cycle and A2A3 during Zone II would be
abnormally lengthened. Strauss and coworkers32
found one patient with sinus node disease who

*Research Fellow, Cardiovascular Research Institute, University
of California, San Francisco.
tAiAi =spontaneous cycle length, AIA2=interval from sponta-

neous atrial beat to coupled atrial depolarization, and A2A3 =in-
terval from induced atrial premature beat to the next spontaneous
atrial beat.

never reached Zone II, and they defined this
phenomenon as 10 sinus node entrance block.
In our studies we measured the effective atrial re-
fractory period in addition to the tests just de-
scribed. The effective refractory period of the
atrium is defined as the shortest interval between
the spontaneous (or driven atrial beat) atrial de-
polarization and the coupled electrical impulse
that results in atrial depolarization.33

Twenty-one of our 28 patients underwent these
electrophysiologic tests in order to better define
sinus node and atrial function as well as to measure
atrioventricular conduction times. In addition, 15
control subjects without any evidence of sinus
node dysfunction (who were referred to our lab-
oratory for atrial pacing as part of their evalua-
tion for chest pain) were also studied. Informal
written consent, according to a protocol approved
by the University Committee on Human Experi-
mentation, was obtained from each patient before
the study. A quadripolar electrode catheter was
inserted against the high lateral right atrial wall
for purposes of atrial pacing. An additional elec-
trode catheter was inserted into a femoral vein
and positioned across the tricuspid valve for re-
cording the His bundle deflection.34 Sinus node
recovery times were obtained after abruptly termi-
nating atrial pacing at rates of 100 and 120 beats
per minute. The atrial cycle was then scanned (as
described) by means of single electrically induced
coupled atrial depolarizations at various intervals
after spontaneous atrial depolarizations. Finally,
the effective atrial period was determined at vary-
ing paced atrial rates.

The sinus node recovery time (interval from last
paced atrial beat to the next spontaneous atrial
depolarization) was prolonged in 16 of the 21
patients (Chart 3). The longest sinus node re-
covery time in the control group was 1,230 msec.
The results of atrial scanning are summarized in
Chart 4. Simultaneous plots of test (A,A2) versus
return (A2A3) cycles showed three types of curves.
The "normal" curve shown in the cross-hatched
area shows both Zones I and II as described pre-
viously. Zone II was reached at a mean A,A2 in-
terval of approximately 80 percent of the control
cycle length. Two patients with sinus node dis-
ease showed abnormal curves (one of these pa-
tients had a normal sinus node recovery time):
in one, Zone 11 was never achieved (10 sinus node
entrance block), and in the other, Zone II was
achieved at A,A2 intervals of less than 50 percent
of the spontaneous cycle length. Five of the 21
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Chart 3.-Sinus node recovery times (SNRT) for the
three groups of patients with sinus node disease and
for control subjects following atrial pacing at 100 beats
per minute. Sixteen of 21 patients with sinus node
disease showed abnormally prolonged SNRT.

patients showed abnormal prolongation of the
atrial effective refractory period (even when cor-

rected for cycle length) ;35 however, all five showed
prolonged sinus node recovery time. One patient
with a persistent slow junctional rhythm showed
no spontaneous atrial depolarization or contrac-
tion (by fluoroscopy), and the atrium was inex-
citable despite repeated attempts to pace from
different positions in the right atrium with maxi-
mum current flow of 25 milliamperes.
The study design allowed for evaluation of both

sinus node and atrial function as well as A-V
nodal and infranodal conduction. Abnormalities
in A-V nodal conduction as determined by pro-

longation of the interval from the low right atrial
electrogram to the His deflection36 or by A-V
nodal block induced by atrial pacing was found in
six patients with sinus node disease. Prolongation
of infranodal conduction (interval from His de-
flection to the onset of ventricular activation)36
was found in five.

In summary, electrophysiologic testing is im-
portant in both substantiating the diagnosis of
patients with sinus node dysfunction and in de-
termining the site for pacemaker implantation.
Seventeen of the 21 patients showed some abnor-
mality in generator function, sinoatrial conduction,
or atrial refractoriness. Clearly, the most sensitive
and specific test was the sinus node recovery time,
which was abnormally prolonged in 16 of the 21
patients with sinus node disease. Normal sinus
node recovery time may occur in patients with
sinus node disease, presumably because of the
block of entry of driven atrial beats into the sinus
node.32 Two patients showed abnormalities in
sinoatrial conduction, and one of these patients

TEST CYCLE/NORMAL CYCLE (A1A2/AIAI)
Chart 4.-Relationship between test (AA2) and return
cycles (A2A,). The numbers 1.0 on the ordinate and
abscissa, through which lines are drawn, represent the
corrected spontaneous atrial cycle length of each per-
son tested (A,A/A,A,=1.0). Points along the abscissa
represent fractions (in tenths) of AA at which prema-

ture atrial beats were placed (test cycle on AA2). For
each A,A2 interval, the recovery cycle (A2A3) was also
recorded and expressed as a fraction (in tenths) of
AA,. Thus, recording the corrected recovery time
(A2A3/A,A,) for every corrected test cycle (AAJ/AA)
allows for direct comparison of patients with different
cycle lengths. Cumulative points of test (AA2) and re-
turn cycles (A2A3) for all subjects are shown. A and B
are the two abnormal curves and C is the composite
"normal" curve points.

had normal sinus node recovery time; one patient
showed atrial inexcitability. Likewise, a significant
number of patients with sinus node disease (45
percent) showed abnormalities in A-V conduc-
tion. If permanent pacemaker insertion is neces-

sary, then obviously a ventricular rather than an

atrial pacemaker is indicated for patients showing
significant abnormalities in A-V conduction.

Management of Patients

MELVIN M. SCHEINMAN, MD: * The wide vari-
ability in both symptoms and courses of patients
with sinus node disease necessitates careful indi-
vidualization of both the evaluative testing just
described and the therapy. In patients with sinus
bradycardia or sinus arrest or both, associated
with recurrent bouts of syncope, intracardiac pace-
maker therapy is clearly indicated.'2 Rationale for
the different types of pacemakers employed will be
discussed later. Quite clearly, drug therapy (iso-
proterenol or belladonna derivatives) is ineffective
for long term control of these cardiac arrhyth-
mias;16 however, digitalis may be used to control
symptoms of congestive heart failure in patients
with sinus bradycardia.10 On the other hand, many
patients will present with electrocardiographic find-

ings of sinus bradycardia and a history of episodic
symptoms (for example, giddiness, syncope, an-

gina). For these patients prolonged electrocardio-

*Associate Professor of Medicine, University of California, San

Francisco, School of Medicine; Chief, Coronary Care Unit, San

Francisco General Hospital.
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graphic taped (Holter) monitoring may prove
invaluable in detecting episodic severe sinus slow-
ing or arrest associated with the symptoms or both.
If prolonged electrocardiographic monitoring fails
to reveal sinus slowing or arrest, then the evalua-
tive tests described herein may be quite helpful in
detecting sinus node dysfunction. Our experience
suggests that an integrative approach utilizing tests
to evaluate the autonomic nervous system, exer-
cise stress testing, and studies of the sinus node
recovery time, sinus node conduction time, and
atrial refractoriness may help distinguish patients
with sinus node dysfunction from patients with
sinus bradycardia resulting from hypervagotonia.
In general, patients with sinus node disease show a
blunted response as to changes in heart rate after
atropine administration as well as the Valsalva or
upright tilt procedures and exercise. Persons with
hypervagotonia, however, show a brisk increase
in heart rate after administration of atropine and a
normal increase in heart rate and cardiac output
during exercise stress testing.20 Finally, the vast
majority of our patients showed abnormalities in
electrophysiologic stress testing designed to eval-
uate sinus node generator function, sinoatrial con-
duction time, or atrial refractoriness, or both. The
finding of one or more abnormalities on testing
does not necessarily dictate the need for insertion
of a permanent intracardiac pacemaker; rather,
this decision is made on the basis of the seriousness
of the patient's symptoms. It is well appreciated
that the symptom-free interval may last for many
years,10"6 and, furthermore, symptoms may be
relatively minor (episodic fatigue, giddiness) and
well tolerated. In our view, only patients with
documented sinus node disease and at least one
clear-cut syncopal episode should undergo inser-
tion of a permanent intracardiac pacemaker.

Patients with the bradycardia-tachycardia syn-
drome may be symptomatic because of either pro-
nounced sinus slowing or arrest or rapid supra-
ventricular arrhythmias. In the latter group, digi-
talis is the mainstay of therapy. Others, however,
have reported further sinus node slowing after
digitalis25'37 therapy. The use of suppressants
(quinidine, procaine amide, and propropanolol
[Inderal8]) should be used with caution since
they may result in further severe slowing of the
sinus rate.'0'38 We believe that exercise stress test-
ing (especially in young patients) is of value in
uncovering serious cardiac arrhythmia, and it may
suggest either restrictions of extreme exercise or
more aggressive medical treatment or both. Pace-

maker therapy has greatly simplified management
of these patients in that the bradycardia is con-
trolled and digitalis or suppressants or both may be
used for control of supraventricular arrhythmias.
In our experience, the supraventricular tachyar-
rhythmias in these patients were usually initiated
by a premature atrial discharge (rather than escape
of another supraventricular focus). Similarly, elec-
trically induced coupled atrial premature beats
regularly initiated supraventricular tachycardia in
two patients in this group with evidence suggest-
ing a sinus node reentrant arrhythmia39 in one
and A-V node reentry in the other.40 The wide-
spread pathologic changes already alluded to ap-
pear to present the proper milieu for these re-
entrant arrhythmias. Atrial overdrive pacing (or
ventricular pacing with 1:1 retrograde A-V con-
duction) may be sufficient to prevent the supra-
ventricular tachyarrhythmias.

Atrial demand pacemakers have the advantage
over other pacemakers of preserving the normal
"atrial booster" mechanism, which may be par-
ticularly important in patients with congestive
heart failure. In addition, atrial overdrive may
prevent supraventricular tachyarrhythmias in pa-
tients with the bradycardia-tachycardia syndrome.
On the other hand, consistent pacing from either
the atrium or coronary sinus may be impossible
using the transvenous route of catheter insertion
and may require thoracotomy with insertion of
the electrodes into the atrial myocardium. Per-
venous permanent right ventricular pacing is
favored because of ease of catheter insertion and
because the patient is protected should A-V block
eventually develop. His bundle recordings and
atrial pacing are quite helpful in detecting patients
with associated impairment of A-V conduction
who clearly require a ventricular pacemaker.
Right ventricular pacing does, however, produce
asynchrony between atrial and ventricular contrac-
tion, which may result in diminished cardiac out-
put.4' In addition, if retrograde ventriculoatrial
conduction is intact, conceivably retrograde atrial
impulses may trigger bouts of supraventricular ar-
rhythmias39'40 as discussed previously.

Finally, an experimental bifocal electrode de-
mand pacemaker with one pacemaker positioned
in the right atrium and the second in the right
ventricle is also available. When sinus slowing is
associated with A-V block, both atrium and ven-
tricle are paced in sequence. This pacemaker sys-
tem has been employed successfully in a relatively
small number of patients with sinus node disease.42
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Insertion of a temporary transvenous cardiac
pacemaker is recommended before insertion of
the permanent pacemaker to allow for a smoother
intraoperative course. In addition, when appro-
priate, the patient may be exercised with the tem-
porary pacemaker in place at varying paced rates
to determine the rate that results in optimal car-
diac performance.
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